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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORARNDUM

ALTITUDE-WIND-TUNNEL INVESTIGATION OF PERFORMANCE
CHARACTERISTICS OF A J47D PROTOTYPE (RX1-1) TURBOJET ENGINE
WITH FIXED-AREA EXHAUST NOZZLE

By M. Jd. Saari and J. T. Wintler

SUMMARY

An investigaetion has been conducted in the NACA Lewis altitude wind
tunnel to determine the over-all performance of a prototype model of the
J47D (RX1-1) turbojet englne operating with a fixed-area exhsust nozzle.
Deta were obtained for a range of engine speeds at gltitudes from 5000 to
55,000 feet and flight Mach numbers from 0.18 to 0.71. The performance
data were generaslized by several methods to determine the range of flight
conditlions for which performasnce could be predicted from dasta obbained at
a glven flight condition.

Generelized engine performance data indicated that dasta obtained
at a given altitude and flight Mach number could be used to predict
net thrust Tfor altitudes up to 55,000 feet at all corrected engine
spesds, air flow for altitudes up to 45,000 feet wilth reascnable accuracy
over mogt of the corrected engine speed range, and performance veriables
dependent on fuel flow for altitudes up to 35,000 feet with minimum
error at high corrected englne speeds. Generalization of engine per-
formance in terms of pumping characteristics indicated that data
obtained at one flight condition could be used to predict Jet thrust
and specific fuel consumption abt another flight condition within a
relatively wide range of altitude, flight Mach numbser, and engine
total-temperature ratios.

A minimum specific fuel consumpbion of 1.05 was obbtained at an
engine speed of 6600 rpm for sltitudes from 8000 to 35 ,000 feet at a
flight Mach number of 0.18. An increase in flight Mach number from
0.18 to 0.71 at an sltitude of 25,000 feet railsed the minimum specific
fuel consumption from 1.05 to 1.27 and these values occurred at engine
speeds of 6600 and 7300 rpm, respectively. The increase in exhaust-gas
temperature and the resulting reduction in temperature-limited engine
speed, whilch occurred with an increase in sltitude, indicabed the need
for a variasble-area exhaust nozzle for operation at rated engine speed
abt high altitudes and low flight Mach numbers.
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INTRODUCTION

An investigation was conducted in the NACA Lewis altitude wind
tunnel to evaluate the performance of a J47D prototype (RX1l-1l) turbojet
englne and 1ts integrated electronlc contrel with and without exhaust
reheat under steady-state and translent operating conditions. As part
of the over-all program, dats on engine performance, component perform-
ance, and operational characteristlcs- were obtalned with fixed- and
variasble-area exhaust nozzles. The performence of & J47D (RX1-1)
engine operating with a fixed-ares exhaust nozzle 1s presented .herein.

The varistion of englne performance variables with engine speed
1s shown graphically for simulsted altitudes from 6000 to 55,000 feet
at & flight Mach number of 0.18 and for flight Mach numbers from 0.18
to 0.71 at an altitude of 25,000 feet. Performance data are gener-
allzed to determine the sultabllity of correctlon factors for predict-
ing engline performence over & range of fllight conditions from data
obtalned at a given flight condition. Generalizatlon in terms of
engline pumping characteristics 18 alsoc presented. All performance data
obtained’.l in this investlgation are presented in tabular form.

APPARATUS

Engline

The J47D (RX1l-1l) engine used in the altitude-wlnd-tunnel investi-
gation has no officlal manufacturer's rating; however 1t has & minimum .
sea-level static~thrust rating (with the afterburner not operating) of

5700 pourds at an engine speed of 7950 rpm and a turbine-outlet exhaust-
gas temperature of 1275° F; at this rating the engine air flow is approx-

Imately 99 pounds per second The engline has a twelve-stage axial-flow
compressor with a pressure ratlo of gbout 5.1 at rated engine speed,
elght cylindrical direct-flow-type combustion chembers, and a single-
stage lmpulse turbine. For these tests a flxed-area exhaust nozzle was
used. The exhaust nozzle used Iin this Investigatlion has an outlet aresa
of 285.5 gquare inches, which produces & turblne-outlet temperature of
1275° ¥ &t an altitude of 5000 feet, a flight Mach number of 0.18, and
an engine speed of 7950 rpm. The over-all length of the engine without
the exhsust nozzle is 143 inches, the maxlmm dismeter is sapproximately
37 Inches, and the total welght 1s 2475 pounds.

Installation
The engline wes mounted on a wing in the tunnel test section

(fig. 1}. Dry refrigerated alr was supplied to the engine from the
turmel meke-up alr system through s duct connected to the engine

Goiz
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inlet. ZEngine thrust and drag measurements by the tunnel balance scales
wore mede posslble by a frictionless sllp Joint located in the duct
upstream of the engine. The air flow through the duct was throttled
from approximetely sea-level pressure to a total pressure at the engine
inlet corresponding to the desired flight Mach number abt a given
altitude. '

Instrumentetion for measuring pressures and temperatures was
ingtalled at various stations in the engine (fig. 2).

PROCEDURE

BEngine performance data were obtalined over a range of engine speeds
et the following altibtudes and flight Mach numbers:

Altitude Flight Mach number
(£t.)
5,000 0.18
6,000 ' .18
15,000 .18, .51
25,000 .18, .51, .71
35,000 .18
45,000 .18
£5,000 .22

Complete ram pressure recovery at the compressor inlet was assumed in
the calculation of flight Mach number. ZEngine inlet-air temperatures
wers held at approximetely NACA standaxd values for each flight con-
dition except for altitudes above 25,000 feet where the lowest engine
inlet-air temperature obtained was about 436° R. Fuel conforming to
specification MIL-F-5624 (AN-F-58a), with a lower heabting value of
18,900 Btu per pound, was used throughout the investigation,

Thrust values were calculated from both the tunnel balance-scsale
measuremente and from values of gas flow and Jet velocity obtained from
meagurements by the exhaust-nozzle-outlet survey rakse, The exhaust-
nozzle Jet coefflcient, defined as the ratio of scale Jet thrust to
rake Jobt thrust, is pressnted as a functlon of exhaust-nozzle pregsurs
ratio Iin figure 3. The engine performance presented hereln ls based
on thrust values obtalned from scale mesasurements Inssmuch as this
msthod includes the thrust losses resulting from the Ilnefficlency of
the exhaust nozzle. Symbols and methods of calculations are given In
appendixes A and B, respectively.
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RESULTS AND DISCUSSION

All the data obtained in the performence investigation of the engine
are compiled in table I. Inasmuch as engine inlet-alr temperatures
below 4362 R were not. obtalned and because small errors occurred in
setting the tunnel etatic pressure, the data preaented graphically in
nongenerslized form have been adjusted to NACA standard altitude con-
ditions by use of the factors &, and 64. (See appendix A.)

go1e ’

Effect of altltude. - Engine performance data at altitudes from
6000 o 55,000 feet at a flight Mach number of approximately 0.18 are

net thrust alr flow, fuel flow, specific fuel consumption, Ffuel-air
ratio, and exhaust-gas total temperature.

As the sltitude wes increased, engine net thrust, air flow, and
fusl flow decressed (figs. 4(a) to A(c)) The specific fuel consumption
wea not significantly affected by a change in altitude from 6000 to
35,000 feet at engine speeds above 6200 rmm (fig. 4(4)). A minimum
specific fuel consumption of 1.05 pounds of fuel per pound of net thrust
was obtained at an engine speed of about 6600 rpm for altitudes fram
6000 to 35,000 feet. At an altitude of 55,000 feet, the minimum spe- .
cific fuel consumption inoreased to 1.27 and occurred at an engine speed
of 680C rpm. This increasse in specific fuel consumption 1s attributed
to a reduction in component efficienclies and partly to the higher flight -
Mach mumber at which data were obtained at an altitude of 55,000 feet.

In general, the fuel-alr ratioc Increased with an increase in altitude

(fig. 4(9)5.

The exhaust-gas total temperature (filg. 4(f)) wes not greatly
affected by an increasse in altitude from 600Q to 25,000 feet at englne
spesds a&bove approximately 7200 rpm. The slope of the bemperaturse
curve Ilncreased with a change in altitude from 6000 to 35,000 feet,
however, so that the temperature generally tended to increase at high
englne speeds and decrease at low engine speeds as altltude was
increased. A further increase 1in altitude from 35,000 to 55,000 feet
resnlted in an Iincrease in exhaust-gas total temperabture at each engline
gpesd. TImesmich as englne-inlet temperatures were hilgher than for NACA
standard altitude conditions at the higher altitudes, the adjusted
exhaust-ges temperatures do not extend to the limiting temperature linse,
Extrapolation of the data Indicates, however, that an Increase in
altitude from 8000 to 25,000 feet wonld reduce the temperalure-limited
engine speed from approximately 7920 to 7780, whereas a further increase
in altitude to 55,000 fest would reduce the temperature-llimlted speed
to about 7100 rpm. Obviously abt high altitudes and low flight Mach .
numbers & varlable-area exhaust nozzle is required in order to maintain
rated englne speed without exceeding present exhaust-gas temperature
1imits. -
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Effect of £1ight Mach number. - Englne performance dabta for flight
Mach numbsrs from 0.18 to 0.71 at an altitude of 25,000 feel are pre-
sented in figure 5 to show the effect of varisbions in £light Mach
number on engine net thrust, alx flow, fuel flow, speciflic fuel con-
sumption, fuel-air ratio, and exhaust-gas total temperature.

At low engine speeds, the net thrust decresased with en incresase
in flight Mach number (fig. 5(2)). The rate of increase of net bthrust
with engline speed becams greater, howsver, as flight Mach number was
raised so that at high engine speeds the net thrust increased with
£1light Mach number. The engine air flow (fig. 5(b)) increased with
an increase in flight Mach number at all englne speeds. , An Increass
in £light Mach number reduced the engine Puel flow (fig. 5(¢)) at
engline speeds below 6000 rpm and increased the fuwel flow at higher
engine speeds. Speciflc fuel consumption (fig. 5(d)) increased with
an increase in flight Mach number at all engine speeds. The minimum
gpecific fuel consumption increased fram 1,05 at a flight Mach number
of 0.18 to 1.22 at & £light Mach number of 0.51 and occurred at engine
speeds of 6600 and 7000 rpm, respectlvely. A further increase 1In flight
Mach number to 0.71 incrsesed the minimum speciflc fuel consumption to
1.27 and occurred &t an engine speed of 7300 rmm. IExtrapolation of the
data Indicates that at tempsrature-limited engine speed, an increase in
flight Mach number from 0,18 to 0.51 would Increase the speciflc fusl
consumpbion from ebout 1.15 to 1.30, whereas a further incrsase in
flight Mach number to 0.71 would raise the specific fuel consumption to
about 1.32. Engine fuel-sir ratio (fig. 5(e))} was reduced at all engine
speeds by an increase In f£I1ight Mach number. The exhaust-gas total
temperaturs (fig. 5(f)) decreased with an increase in flight Mach number
at all engine speeds but the effect was small iIn the high engine-speed
range. The temperature-limited englne speed increased from 7850 rpm
at a flight Mach number of 0.51 to 7920 rpm at a flight Mach number
of 0,71.

Generalized performance. - Performance daba for alititudes from 8000
to 55,000 fest and a £light Mach number of ‘approximately 0.18 have been
generallized to standard sea-level condltions by use of the correction
factors & and 6. (See appendix A.) The derivation of these Ffactors
(referonce 1) does not account for the effect of flight Mach number or
for changes in component efficiencies such as those associated with
variations in Reynolds numbers. Consequently, any changes in flight
Mach number or camponent efficiencles lessen the possibllity of defining
engine performance variables obtained at various altitudes by a single
curve, : ' .

Engine performance data obtained at altitudes from 8000 to
55,000 feet and & £light Mach number of approximately 0.18 are presented
in figure 6 to show the effect of altitude on the relstion bebtwesn
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corrected engine speed and corrected values of net thrust, air flow,
fuel flow, specific fuel consumption, fuel-alr ratlio, and exhaust-ges
total temperature.

Corrected net thrust (fig. 6(a)) reduced to a single curve for
the entire range of altltudes and corrected engine speeds investlgated.
The corrected engine air flows (fig. 6(b)) formed a single curve for
altitudes up to 45,000 feet at engine speeds up to 6300 rpm and
decressed with an increase in altitude above 15,000 feet at hlgher
englne speeds. Corrected alr flows at an altitude of 55,000 feet were
scattered and were inconsistent with the other altitudes because of
small variations in flight Mach number from one englne speed to
another and because the average flight Mach number was higher than that
for the data obtalned at the other altitudes. Corrected fuel flow
(fig. 6(c)), corrected specific fuel consumption (fig. 6(d)), cor-
rected fuel-air ratio (fig. 6(e)), and corrected exhaust-gas total
temperature (fig. 6(f)) formed a single curve for altitudes of 6000
and 15,000 fest and also for altitudes of 25,000 and 35,000 fest over
most of the range of corrected engine speeds. With these exceptions,
each of the generalized variables dependent on fuel flow Increased with
en increase in altitude, which indicates a reduction in engine com-
ponent efficiencies. Thus, a generasllzation of individual performance
variables indicates that data obtained at a given altitude and filght
Mach number could be used to predict (1) net thrust for altitudes up
to 55,000 feet at all corrected engline speeds, (2) air flows for alti-
tudes up to 45,000 feet with reasonable accuracy over most of the
englne—speed range, and (3) fuel-flow and performance varisbles depend-
ent on fuel flow for altitudes up to 35,000 feet with minimum error at
high corrected engine speeds.

Generalization in terms of pumplng cheracteristics. - Engine
performance mey be generalized in terms of the over-all englne total-
temperature ratio and total-pressure ratlo, which define the over-all
change in available snergy of the alr flowlng through the engine.
Changes in component efficlencies with altitude lessen the possibility
of reducing data to a single curve, : '

Within the range of flight conditlons where the relation between
engine total-pressure ratio and engine total-temperature ratio ls
defined by a single line, data obbained at one flight condition can
be used to determine the exhaust-ges total pressure at another fllght
condition for a glven value of exhaust-gas total temperature. Conse-
quently, jet thrust can be calculated from equation (7) or (9)
(appendix B).

The variation of engine total-temperature ratio with engine total-
pressure ratio 1z shown in filgure 7(a) for altitudes from 6000 to
55,000 feet at a flight Mach number of approximately 0.18 and in

QnT?2
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Tigure 7(b) for Flight Mach numbers from 0.18 to 0.71 at an altitude of
25,000 feet. Engine total-temperature ratios formed & singls curve for
all englne pressure ratios investlgated at altibudes from 6000 to
35,000 feet. An 1Increase in altltude above 35,000 feet increased the
total~temperature ratio at each value of total-pressure ratio (fig. 7(a)).
Engine total-temperature ratios for flight Mach numbers £rom 0.18 to
0.71 formed & slngle curve at englne temperature ratios above 2.30
(fig. 7(b)). Thus, data obbtained at ome flight condition can be used
to vredict Jet thrust at another flight condition within the following
ranges of orverating conditions: (1) altitudes up to 25,000 feet at
1light Mach numbers from 0.18 to 0.71 and engine total-temperature
ratios above 2.30, and (2) =ltitudos up to 35,000 feet at a Fflight

Mach number of 0.18 and snglne total-temperature ratios above 2.80.
(Data were not obtained at Mach numbers ebove 0.18 or temperature
ratios below 2.80 at an altitude of 35,000 ft.)

Another method of presenting senglne pumping characbteristics is
shown in figure 8 where the englne total-pressure and total-tempersture
ratios are plotted as functions of corrected fuel flow for altitudes
from 6000 to 55,000 feet at a flight Mach number of approximately 0.18
(fig. 8(a)) and for £light Mach numbers from 0.18 to 0.71 &b an altitude
of 25,000 fest (fig. 8(b)). In order to account for the rise in total
pressure and temperature at the compressor inlet with an increase in
flight Mach number and thereby elimlinate the dispersion of data obtained
at differsent flight Mach numbers, the fuel flow was corrected by the
factors ST and 6p, which are based on total pressure and total temper-

ature at the comyressor inlet, respectively, and are defined in
appendix A. Predictions of engine performance from one flight condl-~
tion to another ars valld only within the rangs of flight and engine
operating conditions at which both the total-pressure snd total-
temperature ratios form a single line,

Thus, the data presented in figures &(a) and 8(b) indicate that the
Jet thrust and specific fuel consumption can be predicted within the
following ranges of operating conditioms: (1) altitudes up to
25,000 feet at flight Mach numbers from 0.18 to 0.71 and engine total-
temperature ratios above 2.30, (2) altitudes up to 25,000 feet at
flight Mach numbers from 0.51 to 0.71 and engine total-temperature
ratios above 2.00, and (3) altitudes up to 35,000 feet at a flight
Mach number of 0.18 and engine totasl-tempersture ratios above 2.80.
The limitations Imposed on the third operating range result from the
lack of dabta to substantiate the validity of performance predictions
at higher flight Mach numbers and lower englne total~tempersture
ratios. The reductions in total-pressure and -temperature ratios for
constant fuel flows at altitudes above 35,000 feet can be attributed
to the reduction in component efficiencies associated primarily with
Reynolds mumber effects.
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It 1s of interest to note that for the range of altltudes investi-
gated the correlation of engins total-temperature ratioc plotted as a
Punction of corrected fuel flow (fig. 8(a)) was better than the corrs-
lation of elther corrected fuel flow or corrected exhaust-gas temperature
plotted ass functions of corrected engine speed (figs. 6(c) and 6(f),
respectively). This phenomenon apparently resulted from simultaneous
reductions in component efficlencies as altitude was increased in that
the corrected exhaust-gas temperabure increased wlth a reduction 1n
compressor efficlency whereas the corrected fuel flow increased with a
reduction in both compressor and combustlion efficlency. The combined
effects of these changes were such as to maintain good correlation in
terms of pumping characteristics.

SUMMARY OF RESULTS

The following results were obtained from the altitude wind tunnel
investigation of the J47D prototype (RX1-]l) turbojet engine operating
with a fixed-area exhaust nozzle at simnlated altltudes from 6000 to
55,000 feet for flight Mach numbers from 0.18 to 0.71:

1. Generalized engine performance data indicated that data obbtained
at a given altitude and flight Mach number could be used to predict net
thrust for altitudes up to 55,000 feet at all operable corrected engine
speeds. Alr flow could be predicted wlth reasonable accuracy for
altitudes up to 45,000 feet over most of the corrected engine speed
range. Performance variables dependent on fuel flow could be predicted
for altitudes up to 35,000 feet with minimm error at high corrected
engline speeds.

2. Fronm engine pumplng characteristics obtalned at a given altitude
and flight Mach number, the Jet thrust and specific fuel consumption
could be predicted within the following ranges of operatlion conditions:
altitudes up to 25,000 feet at flight Mach numbers from 0.18 %o 0.71
and engine total-temperature ratios above 2.30; altitudes up to
25,000 feet at flight Mach numbers from 0.51 to 0.71 and engine total-
temperature ratios above 2.00; and altitudes up to 35,000 feet at a

Flight Mach number of 0.18 and engine totgl-temperature ratios above 2.80.A

2. Minimm svecific fusl consumption of 1.05 was obtained at engine
speed of about 6600 rpm at altitudes from 8000 to 35,000 feet at a flight
Mach number of 0.18. An inoresase in flight Mach numbers from 0.18 to
0.71 at an altlitude of 25,000 feet increased the minimum specific fuel
congsumption from 1.05 to 1.27, which were obtained at englne speeds of
8600 and 7300 rpm, respectively.

8012
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4. At high engine speeds, an Increase In altlitude increased the
exhaust-gas temperature, indicating a reduction in temperature-limited
engine speed and the nesd for a variable-area exhaust nozzle for
operation at rated engine speed at high altitudes and low flight Mach
numbers.

Lewis Flight Propulsion Laboratory,
Netional Advisory Committee for Aeronautics,
Cleveland, Ounilo.
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APPENDIX A
SYMBOLS
The following symbols were used on the figures and calculations:
crogg-gectional area, sq £t
thrust scele reading, 1b
exhaust-nozzle Jet coefficlent

ratlio of hot exhaust-nozzle area to cold exhauwst-nozzle area

external.drag of installation, 1b

exhaugt-nozzle tall-rake drag, lb

jet thrust, 1b

net thrust, 1b

fuel-alr ratio

acceleration due to gravity, 32.2 ft/sec?
total pressure, lb/sq £t sbsolute

stetic pressure, 1b/sq ft absolute
flight Mach number

enginé gpeed, rpm

ges constant, 53.3 £t-1b/(1b)(°R)

total temperature, °R

indicated temperaturs, °R

static temperature, °R
velocity, f£t/sec

air flow, 1lb/sec

2108
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We

fuel flow, 1b/hr

Wf/Fn specific fuel consumption, 1b/(hr)(1lb net thrust)

4

ratlo of specific heats

ratlo of tunnel statlic pressure (po) to the absolubte static
pressure of NACA standerd stmosphere abt gea level

ratio of tunnel static pressure (py) to the sbsolute static
pregssure of NACA standard altitude

ratio of total pressure at compressor inlet to absolute static
pressure of NACA standard atmosphers at sea level

ratio of absolute equlvalent ambient statlc temperature to
absolute statlic temperature of NACA standard abtmosphere at
sea levsel

ratio of absolute equivalent amblent static temperature to
gbsolute static temperature of NACA standard altitude

ratio of absolute total tempsrature abt compressor inlet to
absolute static temperature of NACA stendard atmosphere at
sea lesvel

Subscripts:

0

1

free alr stream

engline inlet

turbine outlet

l-in. upstream of exhaust-nozzle outlst

equivalent

rake

scale

inlet duct 6 in. upstream of frictionless slip-Joint flange

inlet duect 282 in. downstream of frictlonless slip-Jjoint flange
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APPENDIX B

METHODS OF CALCULATION

2108

Flight Mach number. - The flight Mach number asssuming camplete
ram pressure recovery was computed as

71-1
o P\ 1
Mo =\ [5-T|\7 - (1)

Temperature. - Total temperature was determined by using a
calibrated Thermocouple with impact-recovery factor of 0.85 from the

indlcated temperature by
-1
P\ 7
T}(P_)
—— o1 = (z )

1+0.8|(B) 7 -1
D

Equivalent temperature. - Equivalent temperature was obtalned
from the adiabatic relation of pressures and temperatures,

Ty

b = (3)
=] 71_1
Pl 7']_
(5
Engine air flow. -~ The englne alr flow waas determined from
measurements at the engine inlet (station 1), by
71-1
2’)’1 P 71
= 27r) e |[L -
Wa.,l Skl (71-1) ER ('91) 1 (4)

Thrust. - The thrust was obtained from two sources: (1) the balance-
scale meesurements; and (2) the temperature and the pressure meesured ab
the nozzle outlet (station 7).
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Jet thrust determined from the balance-scale mesasurements was
calculated from the equation

W, .V
_ a1y -
Fy g =D +B +D, + —2 + A (p,~D,) . (5)

J,8

The drag of the engine installatlon D was determined with the
engine inoperative and with a blind flanges Installed at the engine Inlet
to prevent air flow through the engine. The rake drag D, was measured
by & pneumatic balance piston mechanism. The last two terms in
equation (5) represent the momentum and pressure forces acting on the
ingtallation at the slip Joint in the inlet-alr duct.

The net thrust was obtained by subbtractling the egquivalent momentum
of the air at the engine inlet from the Jet thrust ’

W, .Y
P = F - _8le
n,s 4,8 g (6)

The ldeal or rake Jet thrust based on a survey at the exhaust-nozzle
outlet, was obteined from the equaiion
77-1

2 P\ 7
FJ,r=;7—:l"(A7CTP7) (é) T = 1] +aCp(py-D) (7)

When the Jet veloclty is supersonic, that is, the exhaust-nozzle
pressure ratio P7/po 1s greater then 1.85, the static pressure at the

outlet can be determined from the rslation

al (8)

P7 = ,),7

77

When the Jet velocity is subsonic (P7/po) < 1.85 and p,; = Py, then
equation (7) becomes

77t

- 274 Py
Fy,» 7T (A7C3Dg) (I_Jc—)> -1 (9)
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TABLE I ~ ENGINE

M
Run [Altitudej Ram |[Flight! Tunnel |Compressor-i Equiv- |Engine| Jet Net Engine- Fuel Specific
(ft) pres~| Mach atatlic nlet alent speed }thrustjthrust] inlet flow fuel con-
sure |number|pressure| indicated | ambient X 5.8 Fr,s air Wwe sumption
ratiol Mp ro temperaturs| temper-|(rpm) (ivb) (1b) flow {(1b/hr) Wp/Fn, s
Py /Po (1b/sq Ty,1 ature ¥a,1 (1b/ (br)
ft abs.) (°R) te {1b/se0) (1b net
. (°R) thrust)).
1 5000 | 0.995 | —==== 17556 504 8O3 79885 —— evan 83.185 8300 | ====--
2 1.022| 0.178 1749 504 503 738€ -——— - 82.21 4145 | —==e-
3 1.022 +178 1767 . 594 583 6993 3879 3207 78.48 34056 1.0€e2
4 1l.022 178 17€4 508 505 6E4S 3101 2658 75.4C 2800 1.091
5 1.085 .187 1780 506 503 5944 21€6 17€2 62.78 2110 l.198
8 1.027 <194 1758 506 502 5114 129€ €7 49.39 1490 1.541
7 1.027 194 1753 508 506 4081 €40 413 33.94 1125 2.724
8 1.028 1197 275€ 508 504 S147 192 £24.10 855 4.455
9 6000 |1.021| 0.173 1593 628 527 7685 47€8 4284 7¢.92 4890 1.141
10 1.018 150 1esé 509 508 7956 waen ———— g1.39 5085 m——-
1) 1.020 +.1€8 1890 508 507 76882 45€4 409€ 80.89 4506 1.100
12 1.023 <189 1€83 505 . 504 735886 4141 3683 79.37 3970 1.078
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1.346 [2.339 ] 156
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Figure 1, - The J47D (RX1-1l) tmrboJjet sngine installed in test sectlon of altituds wind tumnel,
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Figure 4. - Effect of altitude on variation of englne performance
with engline speed.
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